INTRODUCTION
In continuation of our research on the chemical constituents of the essential oils of poorly studied Vietnamese flora 1 , we report herein the compounds identified in four
Piper species. The genus Piper belongs to the family Piperaceae, comprising more than 700 species distributed throughout the tropical and subtropical regions of the world 2 . Most of the species in this genus are aromatic, woody perennial climbers and rarely shrub. The Piper species have high commercial, economical and medicinal importance. Piper retrofractum Vahl. Syn. Piper chaba Hunter is a flowering vine cultivated for its fruit, which is usually dried and used as a spice and seasoning. It also has uses in ethnomedicine to cure rheumatic pain and body pain after childbirth. Extracts of the plant are known to possess larvicidal 2 , safe aphrodisiac 3 , insecticidal 4 , antioxidant and anti-malaria potentials 5 . Phytochemical studies revealed the characterization of anti-obesity alkaloids 6 , compounds with neurotrophic activity 7 , anti leish-tants in poultices for headaches and pains in bones. Extracts of P. sarmentosum are known to have shown potent anti-nociceptive 14 , antipyretic 14 anti-inflammatory 14, 15 , anti-acetylcholinestrase 16 , antioxidant 17 , anticarcinogenic 18 and antimicrobial activities 19 . P. sarmentosum also decreases atherosclerotic lesions in rats 20 . In addition, the 
Extraction of essential oils
Air-dried and pulverized samples of each plant material 0.5 Kg each were subjected to hydrodistillation separately for 4 h at normal pressure according to Vietnamese Pharmaocopeia 31 .
Gas Chromatography GC Analysis
Gas chromatography GC was performed on an Agilent Technologies HP 6890 Plus Gas chromatograph equipped with a Flame ionization detector FID and fitted with HP-5MS columns both 30 m 0.25 mm, film thickness 0.25 μm, Agilent Technology, Berkshire, United Kingdom . The analytical conditions were: carrier gas H 2 1 mL/min , injector temperature PTV, programmed temperature vaporization injection 250 , detector temperature 260 , column temperature programmed from 40 2 min hold to 220 10 min hold at 4 /min. Samples were injected by splitting and the split ratio was 10:1. The volume injected was 1.0 μL. Inlet pressure was 6.1 kPa. Each sample was analyzed thrice. 
Identi cation of the Constituents
The identification of constituents was performed on the basis of retention indices RI determined by co-injection with reference to a homologous series of n-alkanes C 9 -C 24 , under identical experimental conditions. Mass spectra of our test oils constituents were compared with known spectra of molecules in NIST 08 Libraries on ChemStation HP and Wiley 9 th Version and the home-made MS library built up from pure substances and components of known essential oils. The retention indices of all the compounds of the essential oils were also compared with literature values 32, 33 . The relative amounts of individual components were calculated based on the GC peak area FID response without using correction factors.
RESULTS

Yields of the oils
The plant samples yielded low content of essential oils: 0.2 v/w; P. retrofractum , 0.2 v/w; P. boehmeriaefolium , 0.25 v/w; P. sarmentosum and 0.25 and 0.20 v/w; respectively for P. maclurei leaf and stem . Oil samples were light yellow coloured. , benzyl alcohol 17.9 , 2-hydroxy-benzoic acid phenylmethyl ester 10.0 and 2-butenyl-benzene 7.9
Chemical compositions of the oils
were the major constituents of P. sarmentosum leaf oil. The leaf oil of P. sarmentosum was devoid of oxygen containing monoterpene compounds.
We have identified E -cinnamic acid 37. 4 and E -nerolidol 19.4 as the major compounds in the leaf oil of P. maclurei. Oxygenated monoterpenes 43.0 , sesquiterpene hydrocarbons 15.9 and oxygenated sesquiterpenes 24.4 were the main classes of compound present 
DISCUSSION
The compositional patterns of the leaf oil of P. retrofractum from Vietnam were entirely different from those of previous analysis elsewhere. The major compounds identified in the previous studies 12, 13 were either absent tricycene, 3-pentanol, caryophyllene oxide and globulol or detected in low quantities p-cymene, linalool, α-humulene, viridiflorol, β-selinene, spathulenol and E -nerolidol in the present report. Moreover, all the major compounds identified in the present analysis were conspicuously absent in the Bangladesh oil samples 12, 13 . Also, the chemical profile of P. sarmentosum differs both qualitative and quantitatively from previous studies 28, 29 because myristicin, β-caryophyllene and E, E -farnesol, the major compounds of the oils two reports were conspicuously absent in the present study. The variations between the present oil compositions and previous studies may be attributed to factors such as the place of collection, age and nature of the plant, climatic conditions, handling procedures e.t.c. The compositions of the leaf oils of P. boehmeriaefolium, P. retrofractum, P. sarmentosum and the leaf and stem essential oils of P. maclurei from Vietnamese were elucidated and each sample has its compositional pattern different from others. The main compounds identified in the oil samples consisted of ubiquitous terpenes, fatty acids and benzenoid compounds. For example, benzyl alcohol and trans-2-butenylbenzene were identified only in P. sarmentosum. A high content of myrcene could be identified only in the leaf oil of P. retrofractum. α-Pinene, β-pinene, limonene and β-caryophyllene the common constituents of essential oils were conspicuosly absent in the leaf oil of P. sarmentosum. Also, E -cinnamaldehyde, E -cinnamyl acetate, E -nerolidol, Z -9-octadecanoic acid methyl ester, heneicosane and phytol were characteristics of the oils of P. maclurei. Benzyl benzoate was identified only in the leaf oil of P. retrofractum and P. sarmentosum. In addition, 1, 8-cineole and high content of α-copaene were present only in P. boehmeriaefolium. It could be seen that linalool was the only compound identified in all the oil samples.
CONCLUSION
For the first time, the compositions of the leaf essential oils of the Vietnamese grown P. retrofractum, P. boehmeriaefolium and P. sarmentosum as well as the leaf and stem essential oils of P. maclurei were being reported. It is well noted that each sample has its own compositional pattern different from other species.
